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REAL PARTY IN INTEREST 
The present application is wholly assigned to FREESCALE SEMICONDUCTOR, INC., 
with its headquarters in Austin, Texas. 



RELATED APPEALS AND INTERFERENCES 
Appellants are unaware of other appeals or interferences which will directly affect, be 
^ directly affected by, or have a bearing on the Board's decision in this appeal. 

STATUS OF CLAIMS 

Claims 1, 2, 4, 5, 7-12, 14-21, 24, 25 and 34 are pending and involved in this appeal. 
Claims 35 and 36 are withdrawn from consider^^on. Claim 1 was previously presented. Claim 
2 is original. Claim 3 has been canceled. Claims 4 and 5 were previously presented Claira 6 
has been canceled. Claims 7-12 were previously presented. Claim 13 has been canceled. 
Claims 14-17 were previously presented. Claims 18-21 are original. Claim 22 has been 
canceled. Claims 23-25 are original. Claims 26-33 have been canceled. Claim 34 was 
previously presented. 

Claims 1-2, 4, 5, 7-12, 14, 16-25 and 34 stand rejected under 35 U.S.C. § 103(a) as being 
unpatentable over Adkisson et al., U.S. Patent No. 6,472,258 (AdWsson et al.) in view of Fried et 
al. (U.S. Pub. 2003/01 1 3970 (Fried et aL)). Claim 15 stands rejected under 35 U.S.C 103(a) as 
being unpatentable over Adkisson et al. and Fried et al. as applied to claims I and 1 1, and further 
in view of Forbes et ah, U.S. Patent No. 6,414,356 (Fbrbes et al.). 

The rejection of claims 1, 2, 4, 5, 7-12, 14-21, 24, 25 and 34 is being appealed. 

STATUS OF AMENDMENTS 

A most recent amendment filed on June 9, 2004 was entered. A final rejection was 
mailed on December 10, 2004. No further amendments were filed after the final rejection. 
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SUMMARY OF CLAIMED SUBJECT MATTER 

Independent claim 1 recites a method of forming a vertical double gate semiconductor 
device (10). As illustrated in FIG- 1 and described on page 4, lines 14-21 of the specification, a 
substrate (12) is provided with an overlying first insulating layer (14) and an overlying first 
semiconductor layer (16). As illustrated in FIG. 2 and described on page 4, line 21 to page 5, 
line 7, portions of the first semiconductor layer (16) are removed to foim a semiconductor 
structure (24) having a first sidewall and an opposite second sidewall. A second insulating layer 
(26) is formed adjacent the sidewalls as illustrated in FIG. 3 as described on page 5, lines 8-17. 
A second seniiconductor layer (28). is provided over and adjacent the semiconductor structure as 
illustrated in FIG. 3 and described on page S, lines 8-17. A first directional implant (30) of a first 
conductivity type is performed from a first direction as illustrated in FIG. 4 and described on 
page 5p line 18 to page 6, line 6. A second directional implant (38) of a second and opposite 
conductivity type is preformed from a second direction as illustrated in FIG. 6 and described on 
page 6, line 18 to page 7, line 12. A conductive layer (S6>is formed over the semiconductor 
structum (24) and the second insulating layer (26) as illustrated in FIG. 10 and described on page 
9, lines 1-12. A portion of the conductive layer (56) and the second semiconductor layer (28) is 
removed to physically separate a first gate region (46) and a second gate region (48) as illustrated 
in FIGs, 11 and 12 and described on page 9, line 13 to page 10, line 17. The first gate region 
(46) is adjacent the first sidewall and has a first conductivity type and the second gate region (48) 
is adjacent the second sidewall and has an opposite second conductivity type. Because the two 
gate regions are physically separate, the semiconductor structure prevents migration of doping 
species between the two gate regions as recited in the last two lines of claim 1. 
V Independent claim 17 recites a method of forming a vertical double gate semiconductor 

device (10). As illustrated in FIG. 1 and described on page 4, lines 14-21 of the specification, a 
substrate (12) is provided with an overlying first insulating layer (14) and an overlying first 
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semiconductor layer (16). As illustrated in FIG. 2 and described on page 4, line 21 to page 5, 
line 7, portions of the first semiconductor layer (16) are etched to foim a semiconductor structure 
(24) having a first sidewall and an opposite second sidewall. A source region (FIG. 16-word 
label) and a drain region (FIG. 16-woid label) are formed overlying the substrate (12) in a 
second direction as illustrated in FIG. 16 and described on page lly line 21 to page 12. hnc 9. A 
second insulating layer (26) is fonned adjacent the sidewalls as illustrated in FIG. 3 as described 
on page S, lines 8-17. A second semiconductor layer (28) is provided over and adjacent the 
semiconductor structure as illustrated in FIG. 3 and described on pa^ S, lines 8-17. The second 
semiconductor layer (28) has three recited portions: (1) adjacent the first sidewall (left side of 
18); (2) over the semiconductor structure (24); and (3) adjacent the second sidewall (right side of 
18). Claim 17 recites that the first semiconductor portion is doped (30) with a first species (FIG. 
4) and the thiid semiconductor portion is doped (38> with a second species opposite the first 
portion (PIG. 6). The second semiconductor portion is subsequently removed (FIG. 8) to 
physically separate the first portion (46) and the third portion (48). The semiconductor structure 
(24) is recited having the first sidewall and the second sidewall. The specification in FIG. 8 
illustrates the sidewalls to comprise* in one form^ the sides of nitride layer 22, pad oxide 20 and 
insulating gate dielectric 26 as described at page 4, line 22 to page 5, line 11, all of which are 
insulating. The specification teaches at page S, line 12 to line 17 that the semiconductor layer 
that corresponds to the recited first portion (46) and third portion (48) has a material composition 
that is conductive or scmiconductive and therefore differs at all adjoining surfaces from the 
material composition of the recited semiconductor structure as recited in the last two lines of 
claim 17. 

bidepcndent claim 34 recites a method of fonning a vertical double gate semiconductor 
device (10). As illusimted in FIG. 1 and described on page 4, lines 14-21 of the specification, a 
substrate (12) is provided with an overlying first insulating layer (14) and an overlying first 
semiconductor layer (16). As illustrated in PIG. 2 and described on page 4, line 21 to page 5, 
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line 7, a semiconductor structure (24) overlies tho substrate (12) and has opposing first and 
second sidewalls (sides of 24). An insulating layer (26) is formed adjacent the sidewalls as 
illustrated in HG. 3 as described on page 5, lines 8-17. A semiconductor layer (28) is provided 
over and around the semiconductor structure (24) as illustrated in FIG. 3 and described on page 
5, lines 8-17. The semiconductor layer (28) has three recited ponions: (1) adjacent the first 
sidewall and having a first non-horizontal surface; (2) adjacent the second sidewall and having a 
second non-hoxizontai surface; and (3) over the semiconductor structure (24). The device is 
doped with two angled implants (30 and 38) of opposite conductivity (FIGs. 4 and 6) resulting in 
the first (46) and second (48) semiconductor portions having opposite conductivity and the third 
semiconductor portion (50) having a mixed species doping. The third semiconductor portion 
(50) is subsequently removed (FIG. 8) to physically separate the first semiconductor portion (46) 
and the second semiconductor portion (48) via the semiconductor structure (24) to substantially 
eliminate migration of doping species between the first semiconductor pordon and the second 
semiconductor portion as recited in the last paragraph of claim 34. Claim 34 further recites that 
the semiconductor structure (24) comprises differing metal composition than the first 
semiconductor portion and the second semiconductor portion at all adjoining surfaces. 

GROUNDS OF REJECTION TO BE REVIEWED ON APPEAL 

1) Arc claims 1-2, 4, 5, 7-12, 14, 16-25 and 34 made obvious in view of the combination 
of Adldsson et al. and Fried et al.? 

2) Is claim 15 made obvious in view of the combination of Adkisson el al, Fried et al. 
and Forbes? 
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ARGUMENT 

Arguments for Ground 1 

Independent Claim 1 

Independent claim 1 stands rejected under 35 § 103(a) as being unpatentable over 

Adkisson et al. in view of Pried et al. The stated basis for the rejection has remained identical 
for several Office Actions. Therefore Applicants will direct flic Board's attention to pages 3-5 of 
the final Office Action. Figures 1, 2 and 3 of Adldsson et aL are relied upon as making claim 1 
obvious. Adldsson et al. disclose in FIG. 1 a process in which a monocrystalline layer 14 is 
deposited over buried oxide 12. A layer of silicon nitride 16 is deposited. At Col. 3. lines 20-29 
is described the opening of the silicon nitride and etching of the layer 14 to the buried oxide to 
result in the structure of FIG. 1. At Col. 3. lines 30-49 is described processing to result in the 
structure of FIG. 2. The layer 14 is farther etched to underlie only a portion of the overlying 
silicon nitride 16 and gate material 20 is deposited, polished and recessed below the nitride 
surface. Both polishing and etching are required according to CoL 3, lines 44-46. Alternatives 
are illustrated in FIG. 3. Li these forms adjacent silicon nitride is not present and sidewall 
spacers or sidewall liners are placed on outer exposed surfaces of the two polysilicon gates. 

It should be noted in the Adkisson et al. patent that there is no teaching of ^^providing a 
second semiconductor layer over and adjacent the semiconductor structure^ the second 
semiconductor layer being elevated in an area overlying the senoiconductor structure and having 
anon-horizontal surface adjoining the semiconductor stnictute" as recited in claim 1. There is 
no teaching by Adldsson et al. of "providing a first directional implant of a first conductivity 
type". There is no teaching by Adkisson et al. of "providing a second directional implant of a 
second conductivity type*". In addition to not teaching directional implants, Adkisson et al. do 
not teach that the double gates are oppositely doped in conductivity. At Col. 3, lines 6-11, 
Adkisson et al. only state that doping levels are relatively low and provide a range of preferred 
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levels. Hieiefore, there is no teaching or suggestion of using a semiconductor structure for 
"^^venting migration of doping species between the first gate region and the second gate 
region" as recited in claim 1. 

Fried et al. disclose an asymmetric doped FINEET having a continuously conductive gate 
above and adjacent the fin structure of the FINFET. For example, in paragraph 31 there is 
described asymmetric implants in gate portions 24 and 26 that are connected together by a 
double implant region 28 that permits migration of doping species between gate portions 24 and 
26 to occur. Fried et al. do not teach or suggest that the presence of the double implant region 28 
in contact with the single implant regions is detrimental to the operation of the transistor. Cross 
migration of dopants leads to part of the g^e structure functioning in a depletion mode or a very 
high transistor threshold voltage mode. 

Fried et ah do not teach or suggest '^removing a portion of the conductive layer and the 
second semiconductor layer to physically separate a first gate region and a second gate region" 
as recited in claim I. Fried et al. do not teach or suggest **th& semiconductor structure preventing 
migration of doping species between the first gate region and the second gate region". 

If Adkisson et al. and Fried et al. are combined, there is no teaching or suggestion by the 
combination to prevent the cross-migration of a PINFET having asymmetric gate doping. To so 
state is to use hindsight reconstniction of Applicants* teaching and apply them to a combination 
of references and then state that it could be possible. The burden of showing an actual teaching 
of the recited subject matter of claim 1 has not been met. 

During the application's prosecution. Applicants advocated to the Examiner that applying 
angle implanting to the Adkisson et al, structure of figure 2 or figure 3 would not result in gate 
regions having a single doping type. A basis for Applicants' position is found in the next to last 
sentence of paragraph 3 1 of Fried et al. there is stated "Due to the shadowing of the structure, the 
gate sides (i.e., vertical portions of polysilicon-containing layer 18) remain doped (either N+ or 
P+) with the species implanted from that side, while the horizontal portions of polysilicon- 
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contaiiiiiig layer 18 are ciounterdoped, i.e., double implanted". The gate polysilicon in figure 2 
and figure 3 of Adkisson et al. has only exposed horizontal surfaces. Angle implanting the 
Adkisson et aU device will create counterdoped gate regions consistent with the patent of Fried et 
al. and result in modified threshold voltage of the transistor. 

During the application's prosecution, Applicants also advocated that the gate stmcture of 
the Fried et al. device was a single gate stmcture having portions that are differently doped The 
final rejection basis refutes this statement by stating that die Fried et al. device is only directed to 
a double gate device of oppositely doped portions 24 and 26 separated by counter doped portion 
28 that is "not conductive enough (if at all) to interfere with the first and second gate 
interaction". This conclusion is not supported by Fried et al. and is not technically supportable. 
Fried et al. describe in paragraph 36 that the counterdoped areas that are double implanted and 
are designated by reference number 28, are conductive. In paragraph 36 of the Fried ec aL 
patent, there is described a conducdve metallic silicide layer 36 diat "eliminates the pn junction 
in the gate". The pn junction in the gate exists because the counterdoped regions arc not 
insulating or nonconductive as assumed in the rejection basis. Fried et al. also teach in paragraph 
36 that the metallic silicide layer 36 makes contact between layer 34 and the double implanted 
regions 28 as further evidence that the double implanted regions are conductive. Fried et al. 
cleariy teach a single gate structure having portions that are differendy doped. Therefore, 
Applicants continue to point out that the teachings of Pried et al. and Adkisson et al. are very 
different with respect to gate structure as Fried et al. arc teaching an electrically continuous gate 
and Adkisson et al. are teaching a device with electrically separate gates. 

In conclusion, the combination of Adkisson et al. and Fried ct al. docs not make claim 1 
obvious. Applicants have invented an improved method for forming a double gate 
semiconductor device that has enhanced perfomiance from known semiconductor devices. 
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Dependent claims 2, 4, S. 7-12 and 14-16 

Dependent claims 2, 4, S, 7-12 and 14-16 stand lejected under 35 U.S.C. § 103(a) as 
being unpatentable over Adldsson et aL in view of Fried et al.. Each of these claims is patentable 
over the combination of these references at least as a result of being dependent from claim 1 for 
the reasons provided above, it should be noted that processing details associated with forming a 
completed transistor are not provided by either Adldsson et al. or Pried et al. outside of the 
formation of the gate structure. 

Independent claim 17 

Independent claim 17 stands rejected under 35 U.S.C. § 103(a) as being unpatentable 
over Adkisscn et al. in view of Fried et al. The stated basis for the rejection has remained 
identical for several Office Actions. Therefore Applicants will direct the Board's attention to 
pages 8-9 of the finaJ Office Action. Figures 1, 2 and 3 of Adkisson et al. are lelied upon as 
making claim 17 obvious. Adkisson et al. disclose in FIG. 1 a process in which a 
monocrystalline layer 14 is deposited over buried oxide 12. A layer of silicon nitride 16 is 
deposited. At Col. 3, lines 20-29 is described the opening of the silicon nitride and etching of the 
layer 14 to the buried oxide to result in the structure of FIG. 1 . At Col. 3, lines 30-49l Adldsson 
et aL describe processing to create the structure of FIG. 2, The layer 14 is further etched to 
underlie only a portion of the overlying silicon nitride 16 and gate material 20 is deposited, 
polished and recessed below the nitride surface. Both polishing and etching arc required 
according to Col. 3. lines 44-46. Altematives are illustrated in FIG. 3. In these forms adjacent 
silicon nitride is not present and sidewall spacers or sidewall liners are placed on outer exposed 
surfaces of the two polysilicon gates. 
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' It should be noted in the Adtdsson et al. thcrc is no teaching of *f onning a second 
semiconductor layer over and adjacent the $ero)conductor structure and the second insulating 
layer, wherein the second semiconductor layer comprises: a first semiconductor portion which is 
adjacent the first sidewall and having a first non-hori^onta1 surface; a second semiconductor 
portion which is over the semiconductor structure; and a third semiconductor portion which is 
adjacent the second sidewall and having a second non-horizontal surface'' as iccited in claim 17. 
There is no teaching by Adkisson et al, of "doping the first semiconductor portion with a first 
series and doping Che third semiconductor portion with a second species opposite the first 
species**. In addition Adkisson et aL do not teach that the double gates axe oppositely doped in 
conductivity. At Col. 3. lines 6-11, Adkisson et al. only state that doping levels are relatively 
low and provide a range of prefezied levels. Tlierefore, there is no teaching or suggestion of 
using u semiconductor structure for ^-eventing migration of doping species between the nr$t 
gate region and the second gate region'' as recited in claim 17. 

Fried et al. disclose an asymmetric doped FXNFET having a continuously conductive gate 
above and adjacent the fin structure of the FINFET. For example, in paragraph 31 there is 
described asymmetric implants in gate portions 24 and 26 that are connected together by a 
double implant region 28 that permits migration of doping species between gate pordons 24 and 
26 to occur. Fried et aL do not teach or suggest that the presence of the double implant region 28 
in contact with the single implant regions is detrimental to the operation of the transistor. Cross 
migration of dopants leads to part of the gate structure functioning in a depletion mode or a very 
high transistor threshold voltage mode. , 

Fried et al. do not teach or suggest "removing the second semiconductor portion to 
physically separate the first semiconductor portion and the third semiconductor portion via die 
semiconductor structure'* as recited in claim 17. Fried et al. do not teach or suggest "to 
substantially eliminate migration of doping species between the first semiconductor portion and 
the third semiconductor portion". 
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If Adkisson et al. and Fried et al. are combined, there is no teaching or suggestion by the 
combination to prevent the cross-migration of a FINFET having asynmietric gate doping. To so 
state is to use hindsigiht reconstruction of Applicants' teaching and apply them to a combination 
of references and then state that it could be possible. The burden of showing an actual teaching 
of the recited subject matter of claim 1 has not been met. 

In the previous responses. Applicants advocated to the Examiner that applying angle 
implanting to the Adkisson et al. structure of figure 2 or figure 3 would not result in single doped 
gate re^ons. A basis for Applicants* position is found in the next to last sentence of paragraph 
31 of Ried et al. there is stated ''Due to the shadowing of the structui-e, the gate sides (i.e., 
vertical portions of polysilicon-containing layer 1 8) remain doped (cither N+ or P+) with the 
species implanted from that side^ while the horizontal ponions of polysilicon-containing layer 18 
are counteidoped, i.e., double implanted''. The gate polysilicon in figure 2 and figure 3 of 
Adldsson et al. has only exposed horizontal surfaces. Angle implanting the Adkisson et al. 
device will create countcrdoped gate regions resulting in modified threshold voltage of the 
transistor. 

In conclusion, the combination of Adkisson et al. and Fried et al. does not make claim 17 
obvious. Applicants have invented an improved method for forming a double gate 
semiconductor device that has enhanced perfonnance fiom known semiconductor devices. 

Dependent claims 18-21 and 23-25 

Dependent claims 18-21 and 23-25 stand rejected under 35 U.S.C. § 103(a) as being 
unpatentable over Adkisson et al. in view of Fried et al.. Each of these claims is patentable over 
the combination of these references at least as a result of being dependent firom claim 17 for the 
reasons provided above. 
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■ Independent claim 34 

Independent claim 34 stands rejected under 35 U.S.C. § 103(a) as being unpatentable on 
the basis that ^s similar to the rejection of claims 1 and 17 above using Adkisson in view of 
Fried". Therefore, the subject matter of Adkisson et al. and Fried et al. will not be repeated. 
Claim 34 is allowable over this combination of references as the combiitadon does not teach or 

I 

suggest both "doping the device with two angled implants of opposite conductivity type, the first 
I semiconductor portion having a resulting first conductivity, the second semiconductor portion 

I having a resulting second conducdvity and the third semiconductor portion having mixed species 

doping** and "removing the third semiconductor portion to physically separate the first 
semiconductor portion and the second semiconductor portion via the seniiconductor structure to 
substantially eliminate migration of doping species between the first semiconductor portion and 
the second semiconductor pordon"*. The comments provided above directly address how 
Adkisson et ah and Fried et al. do not teach or anticipate these claim recitals. 



Ar gument for Ground 2 

P^p^qdcq^ ^Jjaim 15 

Claims 15 stands rejected under 35 U.S.C. § 103(a) as being unpatentable over Adkisson 
et al. and Fried as applied to claims t and 11 above, and further in view of Forbes et al. (U.S. 
Patent 6,414,356). In the rejection, Forbes et al. is cited for teaching annealing a first gate region 
and a second electrode region before forming a metal. The dual-gated transistor structures 
described by Forbes et al. is otherwise significantly dissimilar to the structure claimed in claim 
15 by having physically separate and mirrored gates overlying the same channel region. The 
base limitations of claim 15 are readily distinguishable from this combination of three references 
for at least the reasons stated above in coimecdon with claims 11 and 1. Jn semiconductor 
processing, heat processing and metal deposition are common steps. However, this combination 
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of lef erences does not teach the manufacturing method recited therein with the timing of an 
anneal prior to depositing metal. 

Further evidence of the standard of obviousness is this art area is noted by the Examiner 
in the final rejection. Claims 35 and 36 associated with this application in which doping of 
sidewall spacers after the sidewall spacers are physically separated were deemed by die 
Examiner to be patentably separate and distinct inventions from a method where doping of 
sidewall spacers occurs before the sidewall spacers are physically separated. Applicants were 
required to withdraw claims 35 and 36 from this Board's consideration on the basis that the order 
of those two steps is paientably distinct. Similaily, the use and order of annealing and metal 
deposition in a double gate process not taught by a combination of three references is not made 
obvious by the fact that prior art transistor gate formation processes utilize thermal processing 
and metal deposition. • 

For at least the reasons set forth above, Applicants respectfully submit that the claims of 
the present application ate allowable over the ait cited during piosecutioii. 



Respectfully submitted, 
LEO MATHEW et ah 





Robeit L. King 
Attorney for Appellants 
Reg.Na 30.185 
Ph: (512) 996^839 
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Claims Appendix 

1. (Previously Presented) A method of fanning a vertical double gate semiconductor device 
comprising: 

providing a semiconductor substrate; 

providing a first insulating layer over the semiconductor substrate; 
providing a first semiconductor layer over the first insulating layer; 
removing portions of the first semiconductor layer to form a semiconductor 

structure having a first sidewall and a second sidewall, wherein the first 

sidewall is opposite the second sidewall; 
forming a second insulating layer adjacent the first sidewall and the second 

sidewall; 

providing a second semiconductor layer over and adjacent the semiconductor 
structure, the second semiconductor layer being elevated in an area 
overlying the semiconductor structure and having a non-hoiizontal surface 
adjoining the semiconductor structure; 

perfonning a first directional implant of a first conductivity type of the second 
semiconductor layer from a first pFedetennined direction; 

s 

performiTig a second directional implant of a second conductivity type opposite 
the first conductivity type of the second semiconductor layer from a 
second predetermined direction that differs from the first predetermined 
direction; 

forming a conductive layer over the semiconductor structure and the second 

insulating layer; and 
removing a portion of die conductive layer and the second semiconductor layer to 
physically separate a first gate region and a second gate region, wherein: 
the first gate region is adjacent the first sidewall of the semiconductor 

structure and has the first conductivity type; and 
the second gate region is adjacent the second sidewall of the 

semiconductor structure and has the second conductivity type, the 
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semiconductor structure preventing migration of doping species 
between the first gate region and the second gate region. 

2- (Original) The method of claim 1 wherein the semiconductor structure i$ a channel region of 
the vertical double gate semiconductor device. 

Claim 3 (Canceled) 

4. (Previously Presented) The method of claim 1 wherein removing the portion of the 
conductive layer and the second semiconductor layer comprises planari^ing the second 
semiconductor layer and the conductive layer. 

5. (Previously Presented) The method of claim 1 further comprising forming a first current 
electrode region and a second current electrode region in the semiconductor substrate to 
implement the vertical double gate semiconductor device as a transistor. 

Claim 6 (Canceled) 

7. (Previously Presented) The method of claim 1, wherein each of the first directional implant 
and the second directional implant is performed by ion implantation at symmetric opposing 
angles relative to a top surface of the semiconductor substrate. 

8. (Previously Presented) The method of claim 1, further comprising annealing the first gate 
region and the second gate region after the first directional implant and the second directional 
implant. 

9. (Previously Presented) The method of claim 1, wherein removing a portion of the conductive 
layer is performed after peifoiming the second directional implant of the second conductivity 
type. 
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10. (Pceviously Presented) The method of claim I further comprising electrically coupling the 
first gate icgion and the second gate region. 

11. (Previously Presented) The method of claim 1, further comprising forming a metal layer as 
the conductive layer. 

1 2. (Previously Presented) The method of claim U wherein forming the conductive layer 
comprises: 

forming a silicon layer over the first gate region, the second gate region, and the 

semiconductor structure; 
forming a first metal layer over the silicon layer; and 

heating the semiconductor substrate so that the silicon layer and the first metal layer form 
asilicide. 

Claim 13 (Canceled) 

14. (Previously Presented) The method of claim 13, wherein removing a portion of the 
conductive layer comprises planarizing the conductive la^. 

15. (Previously Presented) The method of claim 11, further comprising annealing the first gate 
region and the second gate region before forming the metal layer. 

16. (Previously Presented) The method of claim 11. wherein the metal layer further comprises a 
stack of metal layers. 

17. (Previously Presented) A method of forming a vertical double gate semiconductor device 

comprising: 

providing a semiconductor substrate; 

forming a first insulating layer over the semiconductor substrate; 
forming a first semiconductor layer on the first insulating layer; 
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etching portions of the first semiconductor layer to form a semicondactor structure 

having a first sidewall and a second sidewall, wherein the first sidewall is 

opposite the second sidewall in a first direction; 
fomring a source region and a drain region overlying the semiconductor substrate in a 

second direction, wherein the first direction is substantially perpendicular the 

second direction; 

foiming a second insulating layer on the first sidewall and the second sidewal); 
fomiing a second semiconductor layer over and adjacent the semiconductor stmcturc and 
the second insulating layer, wherein the second semicondactor layer comprises: 
a first semiconductor portion which is adjacent the first sidewall and having 

a first non-horizontal surface; 
a second semiconductor portion which is over the semiconductor simcture; 
and 

a third semiconductor portion which is adjacent the second sidewall and 
having a second non-horizontal surface; 

doping Che first semiconductor portion with a first species and doping the third 

semiconductor portion with a second species opposite the first species; and 

subsequently removing the second semiconductor portion to physically separate the first 
semiconductor portion and the third semiconductor portion via the semiconductor 
structure to substantially eliminate migration of doping species between the first 
semiconductor portion and the third semiconductor portion, the semiconductor 
structure comprising differing material composition than the first semiconductor 
portion and the third senucondoctor portion at all adjoining surf^es. 

18. (Original) The method of claim 17, wherein the second insulating layer is deposited 
conformally. 

19. (Original) The method of claim 17 further comprising aimealing the second semiconductor 
layer. 



-17- 

PA6E 2IM2S'RCVDAT«30/20I» 3:19:31PM [Eastern D^^^^ 



0$/30/.2005 THU L6s25 PAX 



IZI02L/025 



Appl. No. 10/074,732 DOCKET NO- SCI 1805TP 

Appeal Brief 

20. (Original) The method of claim 19 wheicin annealing is perfonned after removing the 
second semiconductor portion. 

21. (Original) The method of claim 17 wherein removing the second portion is performed by a 
method selected from the group of anisotropic etching, planarization and etch back. 

Claim 22 (Canceled) 

23. (Original) The method of claim 17, wherein doping the first semiconductor portion and the 
third semiconductor portion is performed by ion implanting species at an angle relative to a top 
surface of the semiconductor substrate. 

24. (Original) The method of claim 17, wherein doping the first semiconductor portion and the 
third semiconductor portion further includes forming a patterned layer over the semiconductor 
substrate. 

25. (Original) The method of claim 17, wherein etching pordons of the first semiconductor layer 
to form the semiconductor structure further ccmiprises: 

forming a third insulating layer over the first semiconductor layer; 
forming a nitride layer over the third insulating layer; 
patterning the nitride layer and the third insulating layer; and 

etching the first semiconductor layer using the nitride layer and the third insulating layer 
asamask. 

Claims 26-33. (Canceled) 

34. (Previously Presented) A method for forming a vertical double gate semiconductor device 
comprising: 

providing a semiconductor substrate; 
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foiming a semiconductor structure overlying the substrate and having a first sidewall md 
a second sidewall, wherein the fiist sidewall is opposite the second sidewall in a 
first direction; 

forming an insulating layer on the first side^yaU and the second sidewall; 
forming a semiconductor layer over and around the semiconductor structure and the 
' insulating layer, wherein the semiconductor layer comprises: 

a first semiconductor portion which is adjacent the furst sidewall and having 

a first surface that is non-horizontal; 
a second semiconductor portion which is adjacent the second sidewall and 

having a second surface that is non-horizontal; and 
a third semiconductor portion overlying the semiconductor stmcture; 
doping the device with two angled implants of opposite conductivity type, the first 
semiconductor portion having a resulting first conductivity, the second 
semiconductor poition having a resulting second conductivity and the third 
semiconductor portion having mixed species doping; and 
removing the third semiconductor portion to physically separate the first semiconductor 
poition and the second semiconductor poition via the semiconductor stmcture to 
substantially eliminate migcBtion of doping species between the first 
semiconductor portion and the second semiconductor portion, the semiconductor 
structure comprising differing material composition than the first semiconductor 
portion and the second semiconductor portion at all adjoining surfaces. 

35. (Withdrawn) A method for forming a vertical double gate semiconductor device 
comprising: 

providing a semiconductor substrate; 

forming a semiconductor structure overlying the substrate and having a first sidewall and 
a second sidewall, wherein the first sidewall is opposite the second sidewall in a 
first direction; 

forming an insulating layer on the first sidewall and the second sidewall; 
forming a semiconductor layer over and around the semiconductor structure and the 
insulating layer, wherein the semiconductor layer; 
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removing regions of the semiconductor layer having a substantially horizontal exposed 
surface, the regions of the semiconductor layer overiying the semiconductor 
structure and the semiconductor substrate to form a first sidewall spacer and a 
second sidewall spacer that are physically $eparai:ed; and 

doping the first and second physically separated sidewall spacers with two angled 

implants of opposite conductivity type, the first sidewall spacer having a resulting 
first conductivity and the second sidewall spacer having a resulting second 
conductivity. 

36. (Withdrawn) The method of claim 35 further comprising: 

electrically coupling the first and second physically sq>aratcd sidewall 
spacers together. 
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Evidence Appendix 



There is no evidenoe that has b&m entered into the recotd by the Examiner that is relied 
upon in this appeal. 
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Related Proceedings Appendix 

There are no relevant decisions to identify. 



PAGE 2S2S'RCVDAT830I20(» 3:19:31PM {Eastern Daylight r^^^ 



